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Introduction
As is well known fundamental structure of differential geometry is the curves. With in the process, the best part of classical differential geometry topics have been expanded to space curves. There are many studies which implies different characterizations of these curves. Also spherical curves are the special space curves which lies on the sphere. There are also many studies on spherical curves. Firstly, Wong [1] give a universal formulation of the condition for a curve to be on sphere in 1963. Then, Breuer and Gottlieb [2] shown that the differential equation characterizing a spherical curve can be solved explicitly to express the radius of curvature of the curve in terms of its torsion in 1971. Wong [3] proved that the explicit characterization of spherical curves recently obtained by Breuer and Gottlieb without any precondition on the curvature and torsion, a necessary and sufficient condition for a curve to be a spherical curve. The proof is based on an earlier result of the present author on spherical curves. Mehlum and Wimp [4] proof that the position vector of any 3-space curve lying on a sphere provides a third order linear differential equation in 1985. In 1988, Kose [5] give an explicit characterization of the dual spherical curve. Abdel Bakey [6] studied with dual spherical curves and obtained a differential equation which is characterizing the dual spherical curves. Then he give the explicit solution of this differential equation without the precondition on the dual torsion. A necessary and sufficient condition for a dual curve to be spherical curve is given in 2002. Ilarslan [7] present the spherical characterization of non-null regular curves in 3-D Lorentzian space is given. Furthermore, the differential equation which expresses the mentioned characterization is solved in 2003. Kocayigit [8] shown that the differential equation characterizing a spherical curve in n-dimensional Euclidean space n ≥ 3 can be solved explicitly to express n th curvature function of the curve in terms of its curvatures and its other curvature functions in 2003. Ayyildiz et al. [9] present the differential equation that is characterizing the dual Lorentzian spherical curves and then give an explicit solution of this differential equation are given in 2007. Camci et al. [10] studied with regular curves in 3-D Sasakian space and give the spherical characterizations of them. Furthermore, the differential equation which expresses the aforesaid characterization is solved in 2007.
In this paper, we give the differential equation characterizing the spherical curves by using Bishop frame. Then, we present that the position vector of a curve lying on a sphere satisfies a third-order linear differential equation and the solution is given with Bernstein series method.
Preliminaries
In Euclidean 3-space scalar product is given:
, x x x = + + here 1 2 3 ( , , ) x x x is an arbitrary vector in 3 E and the norm of the vector The Bishop frame in other words parallel transport frame is a different point of view for describing a moving frame which is well-define even when the curve has vanishing second derivative. The parallel transport of an orthonormal frame along a curve can be expressed simply by parallel transporting each component of the frame. The tangent vector and any convenient arbitrary basis for the remainder of the frame are used. Consequently, the Bishop (frame) formulas is expressed:
Here, we name the set 1 2 { , , } T N N    as Bishop frame and 1 k and 2 k are the first and second Bishop curvature, respectively, [11] . There is a relation between Frenet and Bishop frame elements and this relation is given:
Bernstein series solution method
Bernstein polynomials of n th -degree are defined:
The R is the maximum range of the interval [0, ] R over which the polynomials are defined to form a complete basis [12, 13] . Let us explain briefly the Bernstein series solution method for the solution of the linear differential equations with variable coefficient defined:
Suppose that the eq. (2) has a solution, f . We wish to approximate f : 
Characterization of spherical curves according to Bishop frame
Proof. The position vector of spherical curve can be written by linear combination of the frame elements:
where x  be a spherical curve with the arc length parameter s . Then
. If we take the derivative according to s, we get:
By multiplying both sides of eq (5), respectively, with T  , 1 N  , and 2 N  , we, respectively, get 1
If we take the derivative of eq. (6) according to s, we obtain: We take second derivative of eq. (6) according to s, we have:
From the equations below, we get:
As a result, the expression of position vector ( ) x s  in terms of Bishop frame elements is:
 be a spherical curve with the arc length parameter s . If we take the inner product of eq. (10) by itself, we get:
From eq. (11), we obtain: 
With the aid of eq. (1), the eq. (13), respectively, give:
From eq. (15) and eq. (16) we get:
S365
The vector x m −   can be written as the linear combination of the Bishop frame elements:
If we multiply both sides of the eq. (18), respectively, by 1 2 , , T N N    , we get:
If the center of the sphere is origin then the expression of the position vector of a curve lying on sphere in terms of Bishop frame elements:
If we take the derivative of position vector three times, we, respectively, get:
From eqs. (22) and (23), we get:
If we put eqs. (24) and (25) in eq. (20), we get:
If the eq. (26) rearranged, we get:
Equation (27) 
The solution with Bernstein series method
By using the previous equations the differential eq. (27) characterizing the spherical curves according to Bishop frame can be rewritten:
Let f be a solution of eq. (28). We wish to approximate f : 
On the other hand, it can be written 4 [ 
S s S s B S s B S s S s B S s B
Consequently, by substituting the matrix forms (31) and (32) into (30), we have the matrix relation: 
The fundamental matrix equation can be written briefly: (36) 
Conclusion
In the present paper we dealt with spherical curves. The expression of the position vector of a spherical curve in terms of Bishop frame elements and the relation between the first and second Bishop curvatures for the spherical curve is given. We obtain a third order linear differential equation which is characterizing the curve that lies on a sphere. By using Bernstein series solution method, the solutions of the equation are approximately obtained.
